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We consider a nonlocal gravity model motivated by nonperturbative quantum gravity studies.
This model, if correct, suggests the existence of strong IR relevant effects which can lead to an
interesting late time cosmology. We implement the IR modification directly in the effective action.
We show that, upon some assumptions on initial conditions, this model describes an observationally
viable background cosmology being also consistent with local gravity tests.
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I. INTRODUCTION
After the discovery [1–8] of the late time acceleration of the universe, many suggestions how to explain it have been
advanced. As is well known, the most elegant and simple solution is to include the so-called cosmological constant
Λ into the Einstein-Hilbert action. Although this model works extremely well at the classical level, it faces dramatic
challenges once we make a step toward quantum physics. Indeed, even in the quasiclassical approximation where
gravity is still classical and we quantize just the matter sector, the cosmological constant receives quantum radiative
corrections of the order of m4 for each massive species, which give a big contribution to the tiny value of Λ needed
for an appropriate cosmic evolution. In other words, Λ is not a technically natural parameter.
Of course, if the theory were renormalizable, one could adjust the value of Λ to fit the observations and then
not worry anymore about the questions of technical naturalness. Unfortunately, the Einstein-Hilbert theory with
a cosmological constant is not perturbatively renormalizable, and at each level of loop corrections it will receive
uncompensated quantum contributions which will destroy the predictability of the model. In this respect, quantum
gravity could solve this problem by providing a technically natural way of cosmological constant generation. Again, in
the context of quantum gravity there could be strong IR-relevant effects which can lead to an interesting modification
of the standard cosmological constant scenario and provide a dynamical dark energy candidate [9]. In this direction,
in Refs. [10, 11], the authors have argued that nonperturbative lattice quantum gravity calculations can lead to a
situation where the gravitational interactions slowly increase with distance. This behavior is encoded in the running of
the gravitational constant G. The running of G is calculated in momentum space and in order to write a corresponding
running in coordinate space one has to specify what is the relevant cutoff.
The choice of the relevant cutoff is not unique and in principle if we want to have a general covariance at the level of
the effective action, we can choose as a cutoff an arbitrary covariant function which scales as k2. In literature, common
choices have been either k2 ∼ R (see e.g. Refs. [12, 13]) or k2 ∼ . In this paper we explore the choice k2 ∼ ,
a choice that renders the effective action nonlocal. Another important point is the inclusion of a nonperturbative
scale ζ, the scaling of which can be approximated with an inverse Hubble function H−1. The appearance of this scale
makes the model to be relevant for IR-dynamics of our universe and can lead to an interesting phenomenology for
the late-time universe. Previously, in Refs. [10, 11], the authors have studied the late time cosmology of this model
by replacing Newton’s constant with a running one at the level of Friedman equations. In this work, we study this
model in a more self-consistent way, which is to get the equations of motions (EoMs) by varying an effective action.
In this case, one has to vary the d’ Alembert operator, which gives rise to additional terms in Friedman’s equations.
For a particular choice of a critical exponent ν this model predicts results for the late time cosmology very similar to
those of Maggiore and Mancarella’s (RR) nonlocal gravity model [14].
Throughout the paper, we work in flat space and natural units, i.e. units such that c = ~ = 1. Furthermore, we
will denote with a “dot” derivative with respect to the cosmic time and with a “prime” derivative with respect to the
number of e-foldings.
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2II. THE MODEL
The structure of the model derives from the studies of nonperturbative lattice quantum gravity. Ref. [10, 11, 15] have
argued that the RG improvement of the gravitational constant G leads to the following effective action in coordinate
space1
1
16piG
ˆ
d4x
√−g
(
1− cζ( 1
ζ2 )
1/2ν +O((ζ2)−1/ν)
)
R, (1)
where the relevant cutoff is provided in the form k2 ∼ . In the action (1) the constant ν stands for a critical
exponent, which is defined as
ν = −(β′(Gc))−1, (2)
with the β function calculated in the vicinity of the UV non-Gaussian fixed point (NGF) Gc. The critical exponent
ν in general is a positive rational number and highly depends on the scheme of calculation. In realistic scenarios the
value of ν−1 belongs to the interval ν−1 ∈ [1, 4] [17–19]. Another parameter to be specified in the action (1) is the
genuinely nonperturbative scale ζ. Indeed, ζ is defined as
ζ−1 ≈ Λcut exp(−
ˆ G
β(G′)−1dG′) ∼G−→Gc Λcut|G−Gc|ν , (3)
where Λcut is the UV cutoff of the theory2. To determine the real physical value of ζ we need to have some physical
input since the underlying theory cannot fix it. An important property of ζ defined in Eq. (3) is that when we move
away from the UV fixed point along a RG trajectory, and in the case of positive critical exponents ν, we have that
ζ−1 grows. This behavior tells us that the corresponding QG corrections to the Einstein-Hilbert action, which are
proportional to ζ−1, might enter into the strongly coupled phase and become dominant at late times when we run
towards IR scales along RG trajectories. Now, in order to associate the scale of ζ with a scale of some physical
quantity we will follow the discussion in [11] where it has been argued that at the late-time cosmological setup it is
natural to associate this nonperturbative scale with either the inverse of the average curvature 〈R〉 or with the inverse
of the Hubble function, which determines the macroscopic size of the universe. As in previous works [10, 11], here
we will select the second option, so that ζ ≈ H−10 , where H0 is the current value of the Hubble parameter. The only
parameter left in the action (1) is then cζ . The value of cζ can be estimated in a lattice quantum gravity theory and,
in contrast to ν, which has a universal value, it depends on the choice of the regularization scheme and in general is
estimated to be a order one parameter. So the only free parameter of the model at hand is the nonperturbative scale
ζ, which has to be fixed in such a way to provide a valid cosmology.
Depending on the value of ν we can have either rational or integer powers of (1/) operator in the action. In
general it is not trivial how to deal with a rational power of a differential operator, although there are some works
elaborating on this issue (see, e.g. Refs. [10, 20, 21]). In this work, however, we will study only the cases when the
power of the  operator is an integer number, leaving the treatment of the general rational power of the d’Alembert
operator to future works. In the range ν−1 ∈ [1, 4], an integer value for 1/(2ν) can be realized either when ν−1 = 2
or ν−1 = 4. A model similar to the case with ν−1 = 2 has been recently studied in Ref. [22]. So, in this work we will
mainly concentrate on the case when ν−1 = 43. For this choice of ν the effective action (1) reduces to
S =
1
16piG
ˆ
d4x
√−g
(
1− M
4
6
1
2
)
R+
ˆ
d4x
√−gLm, (4)
where we have also added the general matter Lagrangian. As already mentioned, the cosmological implementation of
this type of model has already been studied in [10, 11]. In these works, for simplicity, the running of the gravitational
constant was directly embedded into the right-hand side of the Friedman equations. Below, we will show that doing
so one loses terms in equations of motion which can have a significant impact on the cosmological evolution. Another
1 The correct effective action should also contain the running cosmological constant term Λk. As is argued in Refs. [10, 16] in pure lattice
gravity the bare cosmological constant Λ is scaled out and does not run. So, in this case Λ is a constant which has to be properly fixed.
Similarly to studies in Ref. [10], in this work will assume that the contribution from Λ is subdominant with respect to the one induced
by the running of G, so that we can effectively approximate Λ ≈ 0.
2 For the case of lattice quantum gravity the UV cutoff corresponds to the inverse lattice spacing, i.e. Λcut ∼ l−1p .
3 Lattice quantum gravity calculations suggest for the value of the critical exponent ν−1 = 3. In this respect our choice of ν−1 = 4 might
be justified as follows. Reference [22] shows that the model with ν−1 = 2 leads to a valid cosmology. As will be shin later, this outcome
holds also for the current model with ν−1 = 4. Hence, one can conclude that if the model has a valid cosmology for the endpoints of
the interval ν−1 ∈ [2, 4], which includes also the case ν−1 = 3, it is probably valid also for other points of the same interval. Of course,
this outcome can only hold if the model does not exhibit instabilities for particular values of ν within that interval. In any case, further
detailed studies are needed in order to get a clear picture about the cosmology of the model with ν−1 = 3.
3important issue which arises when we directly implement the running of the gravitational constant into the Friedman
equations, is related to a violation of the covariant conservation of the energy-momentum tensor. Indeed, if the energy-
momentum tensor of the matter sector is derived from a covariant action, it will be automatically covariantly conserved.
On the other hand, from the Bianchi identities, we know that the Einstein tensor is also covariantly conserved. So, if
in the Friedman equations we change the gravitational constant with a running one obtained through an inverse-box
structure, we will not have anymore a covariant conservation on the matter side of the equations, as the covariant
derivative ∇µ and the inverse d’Alembert operator −1 do not commute in general,
[∇µ,−1] 6= 0.
III. THE −2R MODEL
To study the cosmological evolution of this model we need to derive the Friedman equations. In Appendix A we have
derived the EoMs for a more general model. Corresponding EoMs for the −2R model can be deduced by inserting
p = 0 and n = 1 into Eqs. (A7-A8), which will give us
Gαβ =
M4
6
{
LRαβ −∇α∇βL− gαβQ− 1
2
gαβ [S +RL]+
+
1
2
gαβg
σλ[∇σQ∇λS +∇σU∇λL]+
−∇αU∇βL−∇βQ∇αS − 1
2
gαβUQ
}
+ 8piGTαβ ,
(5)
with the four auxiliary fields satisfying the following set of equations
U = −R, Q = −1,
S = −U, L = −Q. (6)
In Eq. (5), Gαβ stands for the Einstein tensor and Tαβ is a perfect fluid energy-momentum tensor defined as T βα =
diag(−ρ, p, p, p), where ρ and p are correspondingly the energy density and pressure of the fluid.
In the case of the −2R model the auxiliary fields Q and L have a simple meaning, namely, they are the Lagrange
multipliers of the constraint equations. Indeed, let us write the gravitational part of our nonlocal action (4) in a local
way by introducing the constraint equations right at the level of the action. Then we will have for the gravitational
part
S =
1
16piG
ˆ
d4x
√−g
[
R− M
4
6
S + α1(U +R) + α2(S + U)
]
, (7)
where α1 and α2 are the Lagrange multipliers. Now by taking the variation of the action (7) with respect to the
Lagrange multipliers and the auxiliary fields U and S, we get the following set of equations
U = −R, α1 = −α2,
S = −U, α2 = M
4
6
. (8)
From Eq. (8) we see that α1 and α2, up to the multiplicative constant M4/6, correspond to L and Q, respectively.
Defining the dimensionless fields
V = H20S W = H
2
0Q Z = H
4
0L, (9)
and assuming a flat FLRW metric, the (00) component of Eq. (5) becomes
h2 =
γ
4
{
V +WU + h2[6Z + 6Z ′ − U ′Z ′ − V ′W ′]} + Ω(0)R e−4N + Ω(0)M e−3N , (10)
where γ = (1/9)(M/H0)4 and h = H/H0.
In Eq. (10), Ω(0)R and Ω
(0)
M are the current values of radiation and matter critical densities in the universe, respectively.
By using the identity
Ω = Ω
(0)
R e
−4N + Ω(0)M e
−3N = h2(ΩR + ΩM), (11)
4from Eq. (10) we finally get for h2
h2 =
(γ/4)(V +WU)
1− ΩM − ΩR − (γ/2)[3Z + 3Z ′ − (1/2)(U ′Z ′ + V ′W ′)] . (12)
The set of differential equations (6) for the auxiliary fields, assuming homogeneity, are now written as
U ′′ = −(3 + ξ)U ′ + 6(2 + ξ), (13)
V ′′ = −(3 + ξ)V ′ + U
h2
, (14)
W ′′ = −(3 + ξ)W ′ + 1
h2
, (15)
Z ′′ = −(3 + ξ)Z ′ + W
h2
. (16)
where ξ, defined as ξ = h′/h, has the following structure:
ξ =
1
2(1− (3/2)γZ)
[
Ω′
h2
+
3
2
γ
(
W
h2
− 4Z ′ + U ′Z ′ + V ′W ′
)]
. (17)
IV. NUMERICAL SOLUTIONS
Before moving to the full numerical analysis of the system, here we can briefly comment upon the stability of the
system during matter and radiation domination periods. In this case, ξ can be well approximated with a constant
in each era: ξ0 = {−2,−3/2} in matter and radiation-dominated periods, respectively. First, we can check the
consistency of the homogenous solutions of Eqs. (13-16). The homogenous solutions are the followings
U = u0 + u1e
−(3+ξ0)N , (18)
V¯ = v¯1e
−(3−ξ0)N + v¯2e2ξ0N , (19)
W¯ = w¯1e
−(3−ξ0)N + w¯2e2ξ0N , (20)
Z¯ = z¯1e
−(3−ξ0)N + z¯2e2ξ0N , (21)
where V¯ = h2V , W¯ = h2W and Z¯ = h2Z. From the equations above we see that when ξ0 is changing in the
interval ξ0 ∈ [−2, 0] we have that the solutions either remain constant or decrease exponentially. This ensures that
the solutions are stable during matter and radiation-dominated periods.
To solve Eqs. (13-16) numerically, with the constrains (12) and (17), we first fix the present values
Ω
(0)
M = 0.3 Ω
(0)
R = 4.15× 10−5h−2 (22)
to the standard values. Although the constraint on ΩM has been obtained assuming standard ΛCDM and therefore
in principle should be estimated anew with the present model, we will see the background evolution turns out not to
be very different from the standard one, so our choice may be considered a reasonable approximation. For later use,
we also need to define the effective equation of state weff and the critical dark energy density ΩDE, respectively, as
weff = −1− 2
3
ξ, (23)
ΩDE =
γ
4
[
1
h2
(V +WU) + 6Z + 6Z ′ − U ′Z ′ − V ′W ′
]
. (24)
Using the definition of ΩDE we can rewrite Eq. (10) as
ΩDE = 1− ΩM − ΩR. (25)
Furthermore, from the continuity equation of the dark energy critical density ΩDE
Ω′DE + (3 + 3wDE + 2ξ)ΩDE = 0, (26)
5γ 0.702 0.222 0.030 0.015
w0DE −1.752 −1.268 −1.099 −1.086
waDE 0.843 −0.170 −0.077 −0.061
Table I. Today’s values of wDE and its first derivative w.r.t. the scale factor a, for different values of γ corresponding to different
initial conditions on the field W .
we find for the dark energy equation of state parameter wDE
wDE = −1− 2
3
ξ − 1
3
Ω′DE
ΩDE
= −3 + ΩR + 2ξ
3ΩDE
. (27)
Finally, making use of Eq. (17), we can write wDE explicitly in terms of the auxiliary fields
wDE =− 3 + ΩR
3ΩDE
− 2
2− 3γZ
(
1− 3 + ΩR
3ΩDE
+ 2
W
V + UW
)
+
−
(
3γ
2− 3γZ
)
1
3ΩDE
[
U ′Z ′ + V ′W ′ − 4Z ′ + W
V + UW
(
U ′Z ′ + V ′W ′ − 6Z − 6Z ′)] . (28)
The value of the only dimensionless free parameter of our model, γ, should be fixed in a such way as to satisfy the
condition h(0) = 1. This produces, for instance, the values γ = {0.702, 0.222, 0.030, 0.015} for the following initial
conditions onW ,W0 = {0, 0.5, 5, 10}, respectively. Now, to integrate Eqs. (13-16) we need to specify initial conditions
on our auxiliary fields at the onset of integration deep inside the radiation-dominated period. We choose Nin = −14
as the initial time. As is also argued in Ref. [23], the choice of initial conditions for the auxiliary fields in a deep
radiation-dominated period are per se arbitrary. Their value highly depends on the physical content of the Universe
at the epoch we start evolving the differential equations (13-16). For simplicity, we will assume that all the auxiliary
fields in our model, apart fromW , have vanishing initial conditions. The reason behind this particular choice of initial
conditions will become clear below.
Performing the integration of Eqs. (13-16), we find the numerical results as a function of N = log a plotted in
Figs. 1-4 for four different choices of initial conditions for W . As we can see from Figs. 1-4, the evolution of all
physical quantities as well as auxiliary fields does not show singularities. Moreover, from the left panel of Fig. 3
we observe that the present model predicts a well defined radiation-domination period (weff = 1/3), followed by a
matter dominated period (weff = 0), which finally ends in a dark energy-dominated period. The transition between
the matter epoch and dark energy epoch, (N ≈ −0.4), is very well constrained by the current observational data [24],
so one can already put some restrictions on the model. In this respect, as one can notice from Fig. 3, in our case
when the initial value of W (W0) is set to be vanishing, the evolution of weff and wDE exhibits a strongly phantom
behavior. The dark energy equation of state parameter wDE increases sharply from wDE ≈ −2.1 to wDE ≈ −1.2.
From the observational side, constraints on wDE are often obtained parametrizing it as a linear function of the scale
factor a, i.e. wDE = w0DE + (1− a)waDE. Comparing the values of w0DE and waDE for our model from Table I with
the corresponding observational constraints (see, e.g., Ref. [25], Table 7) we immediately see that our solution for
vanishing W0 is in strong tension with the constraints and is probably already ruled out4.
As mentioned, we chose vanishing initial conditions for all auxiliary fields expect for W , which means that homoge-
neous solutions for those auxiliary fields are set to be zero deep in the radiation domination period. By relaxing these
assumptions we can see how the overall quantitative evolution is affected. This kind of analysis of initial conditions
has been performed in Ref. [23] in the case of the RR model. Here we apply the same analysis but only state the main
outcome. We find that the behavior of the present model during the dark energy-dominated period highly depends
on the choice of initial conditions for the auxiliary field W . Indeed, again from Fig. 3, we observe that even a small
nonvanishing value of W0 can efficiently soften the strongly phantom behavior of the dark energy equation of state
parameter wDE, making it compatible with current observational constraints. Indeed, in contrast to the case of the
field U satisfying the equation U = −R, the field W satisfies the equation H20W = −1. Therefore the arguments
in the literature [14] for choosing vanishing initial conditions for U , related to the fact that R is also vanishing during
the radiation-dominated period, do not hold anymore. In principle W can have any initial value depending on its
4 Here is important to mention that these observational constraints are obtained by combining the supernovae (SNe) and cosmic microwave
background (CMB) data. The constraints coming from CMB data cannot be directly applied to our nonlocal model, both because they
are based on ΛCDM and because the linear parametrization of wDE is not a good approximation to the evolution of the dark energy
in the past. Lifting the CMB constraints the error bars on w0DE and w
a
DE, relax considerably, but even in the most realistic case the
nonlocal model with vanishing W0 will be still highly disfavored.
6early history. The dependence of the evolution of the field W on initial conditions is presented in the left panel of
Fig. 2.
The high sensitivity of wDE to the nonvanishing choice of initial conditions forW can be also inferred from Eq. (28).
In the expression for wDE we see that there are several terms which are directly proportional to W . Therefore they
will affect the value of wDE only in the cases when W is nonvanishing. On the other hand, from Fig. 2, we see that
W remains very close to its initial value W0 until the matter-dark energy transition point (N ≈ −0.4). Therefore,
when W0 = 0, W is also vanishing, so the terms in Eq. (28) proportional to W will never be activated and thus will
not contribute to the value of wDE.
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Figure 1. Evolution of auxiliary fields U , V and Z as a function of N = ln a, for different values of W0 and corresponding γ.
Initial conditions: U0 = 0, V0 = 0, Z0 = 0, U ′0 = 0, V ′0 = 0, W ′0 = 0, Z′0 = 0 .
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Figure 2. Evolution of the auxiliary field W , and its first derivative W ′ as a function of N = ln a, for different values of W0
and corresponding γ. Initial conditions: U0 = 0, V0 = 0, Z0 = 0, U ′0 = 0, V ′0 = 0, W ′0 = 0, Z′0 = 0 .
7W0 =0 Γ =0.702
W0 =0.5 Γ =0.222
W0 =5 Γ =0.030
W0 =10 Γ =0.015
-10 -5 0 5
-1.0
-0.5
0.0
N
w
ef
f
W0 =0 Γ =0.702
W0 =0.5 Γ =0.222
W0 =5 Γ =0.030
W0 =10 Γ =0.015
RR
-5 0 5 10 15
-2.2
-2.0
-1.8
-1.6
-1.4
-1.2
-1.0
N
w
D
E
Figure 3. Left panel: Evolution of weff as a function of N = ln a, for different values of W0 and corresponding γ. Initial
conditions: U0 = 0, V0 = 0, Z0 = 0, U ′0 = 0, V ′0 = 0, W ′0 = 0, Z′0 = 0. Right panel: Evolution of wDE as a function of N = ln a,
for different values of W0 and the corresponding γ. Initial conditions: U0 = 0, V0 = 0, Z0 = 0, U ′0 = 0, V ′0 = 0, W ′0 = 0, Z′0 = 0.
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Figure 4. Left panel: Evolution of ΩM, ΩR, ΩDE as a function of N = ln a, for different values of W0 and corresponding γ.
Initial conditions: U0 = 0, V0 = 0, Z0 = 0, U ′0 = 0, V ′0 = 0, W ′0 = 0, Z′0 = 0. Right panel: Evolution of Hubble function h .
V. RELATION BETWEEN R−2R AND −2R MODELS
As one can see from Figs. 1-4, the numerical evolution of the auxiliary fields as well as the behavior of weff and
ΩM,R,DE are very similar to those of the RR nonlocal model presented in Refs. [23, 26]. In order to understand why
two, at first glance, completely different models exhibit almost the same cosmological evolution let us first compare
them at the level of the actions. Here we just concentrate on the gravitational sectors:
S =
1
16piG
ˆ
d4x
√−g
[
R− M
4
6
1
2R
]
, (29)
SRR =
1
16piG
ˆ
d4x
√−g
[
R− m
2
6
R
1
2R
]
. (30)
By comparing the actions (29) and (30) we notice that when for these two models to predict the same behavior at
late times one needs to have for that period
m2R = βM4, (31)
8where β is some constant parameter of the proportionality. The relation (31) in the language of the dimensionless
parameter γ can be written as
β−1γRR = Bγ, (32)
with B ≡ H20/R. The value of the γRR and γ should be fixed in a way to reproduce the correct dark energy density
nowadays. For the RR nonlocal gravity model the parameter γRR is estimated to be γRR ' 0.0089 [14]. Moreover,
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Figure 5. The evolution of Bγ as a function of e-foldings N = log a for different values of γ.
from Fig. 5 we see that once we fix the value of γ to reproduce the exact matter content in the universe, due to the
running of B the quantity Bγ grows initially and then after some time (N ≈ 5) saturates and stays approximately
constant. This means that the two theories then should become equivalent, i.e. the condition (32) holds. This can
also be recognized from the right panel of Fig. 3, where we display the evolution of the dark energy equation of state.
One can see that at early times the two models behave very differently and then around N ≈ 1.5 approach each other.
Here an interesting question arises: if two models exhibit similar behavior at late times is there some reason to favor
one model over another? In this case, to give some preference to one of the models we need to look at what mechanisms
might have generated those corrections in the first place. For the present model the structure of nonlocal corrections
is originated in lattice quantum gravity calculations. Moreover, calculations also show that these corrections are
relevant at IR scales due to the fact that ζ ≈ H−10 . On the other hand, for the RR model presented in the Ref. [14]
there is no clear mechanism how this type of corrections can be generated from a fundamental theory. There were
some suggestions that a R−2R term can arise from the loop contributions of massless scalar fields. However, later
it was shown in Ref. [27] that even though terms with similar structure indeed arise from perturbative calculations,
due to their small coefficient they are not relevant at cosmological scales.
VI. LOCAL GRAVITY CONSTRAINTS
Another important point to be discussed is whether the constraints on the gravitational constant G in the solar
system are satisfied. Indeed, as it was already discussed in Ref. [11], a vacuum-polarization-driven running of G can
lead to serious difficulties with experimental constraints on the time variability of G. Solar system measurements put
strong constraints on the time variation of G [28] |G˙/G| < 10−12yr−1.
It is important to mention that the above mentioned constraints on the time variation of the effective gravitational
constant have been derived for the Earth-Moon system. In this respect it is important to know whether we can use
the time variation of G calculated at the cosmological scales inside the Earth-Moon system. In Refs. [29, 30] it has
been argued that this question should be taken with a special care. Indeed, inside the local scales such as the solar
system, Earth-Moon system and etc, we do not have expansion with the Hubble rate as is the case for very large
scales. This boils down to the question whether inside the solar system the scale factor a in Eq. (A14) has time
dependence or not. So, if the scale factor a is time dependent, the d’Alembertian operator will also depend on time so
G will vary inside the local scales. In the opposite case, the effective gravitational constant will be time independent
so the constraints on it will be trivially satisfied. Let us also emphasize that even if on the background level, for
local scales, the time dependence of G can be neglected it will not guarantee that the result will be the same also on
perturbative level. Indeed, possible time and coordinate dependent perturbations in the local scales can reintroduce
a time dependence of G which then should be consistent with all constraints. In any case, this is an open question
and deserves a dedicated study which is beyond the scope of the current work.
9After simple algebraic steps we get that for our model today’s rate of G is
|G˙/G|0 ≈ | 12γ
2− 3γ |H0. (33)
In our case valid cosmological models are obtained for nonvanishing values of W0. Plugging the corresponding values
of γ into Eq. (33) we get that indeed for all these cases |G˙/G|H0 . H0 . 10−12yr−1. So, the models which have a
valid cosmological evolution satisfy the local constraints too.
VII. CONCLUSIONS
Nonlocal cosmological models have been the topic of intense work in the last few years [26, 31–35]. They can be
seen as an attempt at capturing quantum corrections to the Einstein-Hilbert Lagrangian and to provide, at the same
time, an accelerated cosmology even in the limit of vanishing cosmological constant. In this paper we have studied
in detail the background cosmological evolution of a novel nonlocal model inspired by a quantum gravity induced
nonperturbative effective action in which the FRG running of the gravitational constant, in a coordinate space, is
manifested by nonlocal operators. The model depends on a single dimensional constant M .
We find that, when the dimensional coupling constant is chosen appropriately, this model reproduces a viable
background with a final stable acceleration compatible with current constraints. Comparing our model with the
one proposed in [14], we find that the two models exhibit a different behavior in the past, but converge near the
present epoch. We also observe that the background evolution of the current model is sensitive to the choice of initial
conditions for the auxiliary field W (W0). In the case of vanishing W0 the dark energy equation of state parameter
wDE exhibits very strong phantom behavior and is in strong tension with current observational data. Furthermore,
the model with vanishing W0 does not pass the local gravity constraints on the time variation of G. The situation
is completely different for nonvanishing choices of W0, such that, even a small nonvanishing value of W0 changes the
overall behavior of the model sufficiently, making it compatible with observational constraints. As for any cosmological
model, one should also investigate the growth of matter perturbations to ensure compatibility with observations. This
is left to future work. Another work in progress is devoted to the investigation of cases with general (rational) values
of the critical exponent ν. These studies will allow us to deal with more realistic RG improved effective actions, where
the value of critical exponent ν, in general, can be arbitrary.
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Appendix A: A General Case
1. The model
We consider the general model defined by the following action:
SNL =
1
16piG
ˆ
d4x
√−g
[
R− µf(R) 12 g(R)
]
+
ˆ
d4x
√−gLm, (A1)
where f and g are analytic functions of the Ricci scalar, µ stands for the scale of nonlocality and Lm is the matter
Lagrangian minimally coupled to gravity.
Taking the variation with respect to the metric tensor gµν ,
δSNL =
1
16piG
ˆ
d4xδ(
√−g)
[
R− µf 12 g
]
+
1
16piG
ˆ
d4x
√−g
[
δR− µf,R δR 12 g − µfδ(
−2)g − µf 12 g,R δR
]
+ δ
ˆ
d4x
√−gLm ,
(A2)
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making use of the identity
δ(−2) = −−1δ()−2 −−2δ()−1, (A3)
and introducing the four auxiliary fields
U = −−1g , Q = −−1f ,
S = −−1U , L = −−1Q , (A4)
we find the following equations of motion,
Gαβ = µK
NL
αβ + 8piGTαβ , (A5)
where the contribution coming from the nonlocal term is the following:
KNLαβ ≡(f,R S + g,R L)Rαβ −∇α∂β(f,R S + g,R L) + gαβ(f,R S + g,R L)+
− 1
2
gαβ [fS + gL] +
1
2
gαβg
σλ(∂σQ∂λS + ∂σU∂λL)+
− ∂αU∂βL− ∂βQ∂αS − 1
2
gαβUQ.
(A6)
For simplicity we investigate the action (A1) in the case when f(R) and g(R) have a general power-law structure.
Namely, and g(R) are chosen to be f(R) = Rp and g(R) = Rn, respectively, with n and p being integer non-negative
numbers. The equations of motion for this model are easily obtained from Eqs. (A5) and (A6) by a direct substitution
Gαβ = µ
{
(Rαβ −∇α∇β + gαβ)(pRp−1S + nRn−1L)+
−1
2
gαβ(R
pS +RnL) +
1
2
gαβg
σλ(∂σQ∂λS + ∂σU∂λL)+
−∂αU∂βL− ∂βQ∂αS − 1
2
gαβUQ
}
+ 8piGTαβ ,
(A7)
while the auxiliary fields satisfy the following set of coupled differential equations
U = −Rn , Q = −Rp ,
S = −U , L = −Q . (A8)
If we introduce in the Lagrangian a parameter M with the dimension of a mass, we can redefine the µ parameter
in (A7) as follows:
µ =
1
6
M−2(n+p)+6 . (A9)
If n = 1 and p = 1 from Eqs. (A7) and (A8) we find the equations of motion of RR nonlocal gravity model [14].
Gαβ =
M2
6
KRRαβ + 8piGTαβ , (A10)
U = −R, (A11)
S = −U, (A12)
where KRRαβ tensor, which stands for the correction to Einstein equations coming from nonlocal corrections, is defined
as
KRRαβ ≡ 2(Gαβ −∇α∇β + gαβ)S + gαβgσλ∇σU∇λS+
− (∇αU∇βS +∇βU∇αS)− 1
2
gαβU
2.
(A13)
These equations fully coincide with those for the RR nonlocal gravity model [14].
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2. Cosmological equations
In this section we will study the background cosmology of our model. To do this we choose our metric to be of a
flat FLRW type
ds2 = − 1
H2
dN2 + a2d~x2, (A14)
with a being the scale factor, H the Hubble rate and N = log a the number of e-foldings.
We also introduce the following quantities
h =
H
H0
, ξ ≡ H
′
H
=
h′
h
, (A15)
where H0 is the Hubble rate today. For the cosmological analysis it is sometimes useful to go from dimensionful
quantities to dimensionless ones. To do this we multiply our dimensionful auxiliary fields by powers of H0 and as
such we define new dimensionless auxiliary fields as follows
X ≡ H2−2n0 U, W ≡ H2−2p0 Q,
V ≡ H4−2n0 S, Z ≡ H4−2p0 L.
From the (00) component of Eq. (A7) one can express h2 through new dimensionless functions defined above:
h2 =
2µ
3H
6−2(n+p)
0
h2Y NL +
8piG
3H20
ρ, (A16)
where all terms coming from the nonlocal part are collected in the following quantity:
Y NL =
1
4h2
{
WX − h2 (V ′W ′ + Z ′X ′) + h2p [Cp (V Bp + pV ′) +DpV ξ′] +
+h2n [Cn(ZBn + nZ
′) +DnZξ′]
}
,
(A17)
where, to simplify the notation, we have defined the following coefficients
Bk ≡ (2k − 1)(k − 1)ξ − k + 2 , (A18)
Ck ≡ 6k(ξ + 2)k−1 , (A19)
Dk ≡ k(k − 1)6k(ξ + 2)k−2 . (A20)
These terms only depends on ξ and on k, where the latter takes the values of either n or p. We will also express the
dimensionful scale parameter of the model µ through a new dimensionless quantity defined as
γ ≡ 2
3
µH
2(n+p)−6
0 . (A21)
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